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Impact of a light strange-beauty squark onBg mixing and direct search
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If one has Abelian flavor symmetrgr-br mixing could be near maximal. This can drive a “strange-beauty
squark %1) to be rather light, but still evade tHe—sy constraint. Low-energy constraints imply that all
other superpartners are at TeV scale, except for a possibly light neutﬁaﬁlrw,hether light or heavy, therl
can impact on th&, system:A Mg, and the indirecCP phase, even foB;— ¢vy. A direct search is similar to
the usuab—by?, but existing bounds are weakened by fie— sy? possibility. All of these effects could be
studied soon at the Fermilab of Tevatron.
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The source ofCP violation within the standard model and similarly forM; the[-- -] terms would be set to zero
(SM) rests in the flavor sector, which is not well understood.as explained shortly. Diagonalizingly by a biunitaryD,
With three quark generations, we have six masses, three mi¢nd D transform,Dgfwl is clearly the largest mixing ele-
ing angles, and a uniqu€P phase in the Cabibbo- ment, but its effect is hidden within SM.
Kobayashi-MaskawaCKM) mixing matrix V. The left- Taking SUSY as commuting with the horizontal symme-
handed nature of weak dynamics screens out the mixings angl, the squark mass matrices are fixed by the common hori-
CP phasesno longer uniquein the right-handed quark sec- ,qnta) charge of the chiral supermultiplet. We take the usual
tor. The actual number of flavor parameters is much Iargeﬁpproach that squarks are almost degenerate with common

than meets the eye. ~ ) o ~ ot
The observed quark masses and mixings do, however, ex¢ale m. From Eq. (1) one finds that Mg) r=(Mg)r.

hibit an intriguing hierarchical pattern in powers of ~mMg,(M3)  ~m?V, while

=|V,d, hinting at a possible underlying symmefd). If this

“horizontal” or flavor symmetry is Abelian, theBg-bg mix- 1 [A] [A]

ing would be near maximdR, 3], although still hidd~en fiom (M2)pe~m?| [N] 1 1, )
view. If supersymmetry(SUSY) is also realized sg—bg N 1 1

squark mixing could then be near maximal. This could gen-
erate observable effects im—s transitions even if squark 22330 ~o ]
masses are at TeV scal@,3]. Furthermore, one of the Where Mg)zg~m" if sz andbg have the same horizontal
squarks, the “strange-beauty” squasi,, could be driven chargés), hence comparable tdV(3) 3>~ m?.
by this large flavor violation to be considerably below the \we are interested in the impact df1€) 2332, It is known
other squark$3]. Whether we have a lighsth; squark or not,  that four texture zeros are need@jto fully evade theA my
it is of great interest since the current bound dmg_[4]  and &, constraints. Hence, we choose horizontal charges
indicates that it could be larger than SM expectations. such that thd - - -] terms in Egs(1) and (2) are all set to

In this Brief Report we point out that a lighb, squark is  zero, which is achievable under a U@W(1) or higher
allowed by theb— sy constraint. We explore the implica- horizontal group. With thed quark thus decoupled, one is

tions of largesg-bg mixing on B-B, mixing and itsCP  safe from all known low-energy constraints. However, one

phasedg_. In case of lightb,, we briefly comment on direct needs §12)2~\m? to account forV, [2]. It is intriguing

search. All these effects can be covered at the Tevatron Ruhat Fn,ma~TeV brings[3] Amp right into the ballpark of

II, which has just started. Mixing depended® violation in  current[5] experimental sensitivities. This sets the scale for

Bs— ¢ decay can also be studied in the future. We Stresg, anqm | for if they were lighterAmp would be too large.

that, besides the assumptions of Abelian flavor symmetry ang. . L~ e~ ~ . .

SUSY, the quark mixing an€CP phase we study are on imilarly, Amy constrainsu, , ¢, andx™ loops, implying

similar footing as the usual CKM matrix. also[ 3] that squarks are at TeV scale, while #h&no part of
Horizontal models try to explain the mass and mixing the chargino is heavier than 500 GeV.

hierarchies by powers of~(S)/M, where(S) is the expec- With d-flavor decoupled, the-b part of Mg in Eq. (2)

tation of a scalar fiel&s andM is a high scale. For Abelian appears “democratic.” More explicitly, one has

symmetries, the commuting nature of horizontal charges in

general givesMM;;~M;M;; (i, j not summeyl where e ms,  me @ m2 0 )
“~" indicates approximate. This allows one to determine, MgR = ~5 iy 2 = 0 2 R, 3
e.g., M3 from our knowledge ofM3*~ms~\2m,, M3 Mys€™  Mag m;

~V,gmy~N2m, andM3*~mj, . Hence[2]
MO [N
S~ V] a2 (®) _

I\ 1 1 R=

in quark mass basis, whena ~m? are all>0, and

Cy Sy
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The phase iR absorbs ther phase inM 25 . By nature of

m33~M3, 53, iN general we have one suppressed eigenvalue

ﬁﬁ due to level splitting, wher@ is a measure of the relative

weight of m3; vs m3,—m3,. Since our case corresponds to

m3,= M3,=Mm3,~m? because of Eqg1) and(2), near maxi-
mal mixing is implied. The eigenstates hence carry b®th
andb flavors and are called the strange-beauty squﬁTbk,g.
Without much loss of generality, we takes,=m3,=m? (so
6=m/4 andm?+m3=2m?) and consider the ratim3y/m?
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=1-6=1. The squark mass eigenvalues must be positive to s 1 b—syvs CP phasec including both SM and SUSY

preserve color symmetry, henée>0 is required. For small
8, we havem3= ém? and m3=(2— §)m?. Thus, with some
tuning, sb, can become quite light, i.em?<m32=2m?, the
driving force being the largeM3)2%39m?~1 in Egs.(2) and
(3). We note that, assuming~2 TeV, tuningd to A2, 3,
and \* give m;=440, 206, and 97 GeV; for
m~1 TeV, 5=\, A2, and A% gives m;=470,220, and

effects, formyg, m=0.8, 2 TeV and several strange-beauty squark
mass 6115”1%1) values. The horizontal line indicates the SM ex-
pectation.

the maximal super-GIM breakingmallm?, largem3) case.
The shift in theb— sy rate is<2% for m>my>0.8 TeV.
Them,/m suppression of the RL contribution is compen-

103 GeV, respectively. In the following, we limit ourselves to sated by a chiral enhancement fackf ng/m,. With by

m;=100 GeV.

—sb;g mixing andb, heavy, thes,e'” factor in Eq.(5) is

In addition to concerns about tuning, the pressing quesreplaced by R"TM2,)%/m?~(c,—s,e”'“)m,/m, whereRis

tion is that a Iighlﬁ)l driven by large strange-beauty mixing
seems particularly dangerous in face of the>sy con-
straint. As shown irf3], heavy squark and gluino loops are
suppressed by G=m? compared to the SM contribution,
such thath— s+ rate is hardly affected. It is interesting that,
even witthlQ as light as 100 GeV, the-b sy constraint is
still rather accommodating

The calculation of short distance coefficients is done fol-

given in Eq.(4), and we take i{13)33%~mym as real. The

factor k% (k?+m?2)* in Eq. (5) is replaced byk?/(k?+m?)3
and the integral is still finite form?—-0. We find
Clr(Msysy) =0.1Z (co—spe'9) (1.6 TeVP/mmg)  for
small m2. Takings,~1/y/2,C’g, is subdominant fo~0,
but dominates ove€xy for o~ .

We illustrate in Fig. 1 the full gluino and neutralino loop

lowing [6]. The expressions for Wilson coefficients togethereffect onb— sy rate vsCP phaseo, for mz=0.8 TeV and

with their renormalization-group equatiofRGE) can be
found in[7,8]. Our model gives large RR and RL mixings,
while LL and LR mixings are suppressed kY. In terms of
the loop-induced effective bsy couplings m,s[C;R
+CiL]o,,F*"b, it is C; that receives larger contributions.
This in itself provides some protection, sin€g is not gen-
erated inS M(C?Mz —0.31); hence our SUSY effects enter
the b— sy rate only quadratically.

We find that, although RL mixing is suppressedrby/%,
its effect dominates over the RR contribution for ¢e9.

Let us first show tha€. xR is finite and suppressed tmyg in
the %%—)0 limit. By direct computation, one finds that the
sb-g loop contribution tom,C1xg is proportional to

fdk

where “super-Glashow-lliopoulos-Maiees@EIM)” cancel-

lation is ensured and thn?bz term decouples for heavﬁ'l%.
Since RR mixing is chiral conserving, a factor of, is

needed, whilem?c,s,e ' is from (M3)3%. The integral is
clearly finite in them{—0 limit. Using formulas from(8],
we find Cirp(Msysy)=—0.1c,s.e'7(0.8 TeVing)? for

, kK'mymicsee '

(K2 m2) (k2-+m?)

~2 =2
4_(m1_>m2)1

)

m=2 TeV, with simplifying assumptions as stated above.

Even form; as light as 100 Ge\b—sy is still [10] well
within the allowed experimental range of (3:8.54)

X 10”4 [11]. For heavysb,~1 TeV, its effect becomes neg-
ligible, and theb—sy rate approaches the SM value, as
indicated by the horizontal line d&—sy~3.14x10 4 for
our parameter choice. The dependence can be understood
through our earlier discussion @’z and CJz, . One can
also easily check from the strength|@f|? as seen in Fig. 1,
that the LR mixing contributionSC,, is indeed subdomi-
nant even though it interferes witBs", which is large.

It is intriguing that, althoughC’ is subdominant com-
pared toC3", its strength is actually not small. That is,
|C4/C4|=0.35-0.12; hence sin@=2|C,C.|/(|C/*+|C}?)
~63%— 22% form;=100- 1000 GeV. New physics effects
[3,8] such as mixing dependenCP violation in B°
HK2(1270)7/ could be of this ordefthough directCP is
small becaus&C  is smal), but detectability may be bet-
ter in Bs— ¢y. “Wrong” A polarization inA,— Ay could
also be promising8].

It is known that charged Higgs effects ba+svy add con-
structively to the SM for all tag [12], giving rise to a very
stringent constraint omrmy+. Our light 561 only slightly
worsens the situation.

Turning to charginos, as stated, theny constraint de-
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mands that thé\V-ino part of chargino mass, controlled by 40 T TV

M5, should be larger than 500 GeV. We do not entertain a S o Tev -

light top squark since we tacitly assume that flavor and o, =3 TeV—
SUSY scales are not too far apg2{, so the up squark mass

averagem, is also atm~ TeV. Thus, the charginos and the
W-ino or Higgsinolike neutralinos are all at the TeV scale.
This still leaves open the possibility of a light bino with mass
controlled byM ;, which we cally{. Interestinglyb—sy is 05 1 15 2
not very constraining here; we have taken the rather low o/n
mass value ofn;(g= 90 GeV in Fig. 1, and find that its effect 1.

is still much smaller than the dominant gluino contribution. 0_51
This is simply because of the much weal&mo coupling |
(hypercharge to down sector compared with the strong
gluino couplings. .

Without necessarily advocating a ligig-ino, we thus -0.5.
have a scenario where SUSY particles and exotic Higgs
bosons are at TeV scale, except for a possiigit neu- 0 05 1 15 )

tralino X9 that is largely B-ing and alight strange-beauty o/m
squark sl with mass driven low by flavor violation! FIG. 2. Amg_and sin @ _vs ¢ for my,m=1.2, 2 TeV, and
One may worry that |arga ’5\61(06(7-’;(2) splittings may  mMg=1, 2, 3 TeV. The horizontal line is SM expectation.

violate 8p constraint. We first note thafp picks up correc-

tions to isovector gauge boson self-energy diagrams. Be3iN

cause the isovector gauge interaction is left handed, contrsin 2b, vs ¢ for m;=1.2 TeV, average squark mass

uons, fom v handed sqare e rersmited (UG 1) andm—1, 2, an 3 Tev. Evn for head, a
TeV scale, the SUSY contrlbutlon can be comparable to the

—~10-4_10"3

MEw/m? me/m 10 107" [14]. 6p can constrain only SM effect. Formg=1 TeV< m;,Amg_can reach twice the
mass splittings irg, , which are TeV scale particles and do SM value aroundo~ . Eor heavie?m* Ame can reach
not have large spllttmgs and thus the seemingly dangerous y 22(18) ps* for me=2(3) Tev. DestrucE;;tlve interfer-

Iarge'spllttmg |nvoIV|ngsp153afe fromdp constraint. We ence between SM and SUSY for ass0 (where cos 2
note in passing that our ligisth, can evade th&y, constraint : . SM
modulation can be seemwould give Amg <Amg" hence
also Thex® d contribution toRy, is negligible[15] while s s
~t gives S|zable contribution only for light stop and light
chargmo which is not the case in our model. B
Largesg-br mixing, however, can easily impact @-Bs
mixing and itsCP phase®g_, will soon be accessible at the

Amg, (1/ps)
3
3
k5
;

ZCDSLV' For illustration, in Fig. 2 we pIotAmBS and

disfavored. Thus, for theﬁ)p TeV scenario, cos<0 is
preferred. Similarly,[sin 2bg | can reach 50% 75%, van-

ishes ato=m, and has a smaller range for heaviay. If
AmBS is only slightly above SM expectation, it could be

) uncovered at the Tevatron in a couple of years. One could
Tevatron. Recall that N§)RR (ME)Rg~ 1N~ Vis/Vial N then find sin®g #0 and indirectCP in Bo— ¢y, but no
Eq. (2), before setting . . . ] terms to zero. By simply scal- sign of SUSY pz;rticles since the scale is at TeV.

ing up theBy mixing results of[3] for the dg-bg mixing The light sb, case allows greater range. We plbtng
case, one sees that even foy~ TeV, its contribution toBg °

mixing could be of the same order as SM. The domiragt
box diagrams involve twab,, or onesb, and ones, /b,
with s, -b, mixing. The former generates effective coupling
«C,5ay,bishy b, while the latter: Cy5sab P sfbA)
Whereﬁlxcesge 2o C4(5)oc)\ cySpe 7 are known[6,16]

and sin g vso in Fig. 3, formg,m=0.8, 2 TeV, andm,
=100, 200 and 600 GeV. Tha, =600 GeV case is similar
to Fig. 2, except that+b in Eq. (6) is of the same sign as

For lowerm;, the strength ob increases monotonically and
is stronger thart, while a first drops sIowa, resulting in an

accidental cancellation afmg_at o=0 for m;~200 GeV.

functions ofrné/ml (simpler mass insertion formulas given gajow this, a flips sign and changes rapidly, and together
in [3]). Because of a larger loop factor, the CKM suppressquNIth b they overwhelmc. Thus, form, <130 GeV, one de-

Cy(s) is comparable t€;. Thus, the explicit--phase depen-  yelops a dip rather than maximumat- r, as shown for the

dence of the mixing amplitude isa( b, andc are real M, =100 GeV case
Mo=|Me? Pe=ae 27+ be 17+, (6) It is interesting thatAm~BS hovers not far above 15 p$
for both a broad range ah; =250 GeV and cos>0, and
whereb (from Cy(s)) andc (from SM) differ in sign. the intriguing case of a rather light<(100 GeV}b, for

Using the RGE evolution from[17] and f§Bs,  phaseo~m. For suchAmg_values, measurement would be
= (240 MeVy, we find Amj B, M=14.9 ps? with vanlshlng swift, with good prospects for sind%; , which clearly covers
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vor blind) LR mixing. One could also have a light sbottom if
tang is large. This has motivated the experimental search
[18] via b, —bx? assuming thag?, if not the lightest SUSY
particle (LSP), is lighter thanb,. The signature is twb jets
plus missing energy. In order to distinguish sbottom from
stop, b tagging is necessary since loop-induced-cy?
leads to a similar signature. In our case, all squarks including

stop are at TeV scale, excepb, which becomes light be-
cause of large flavor violationyithout the need for large

T — tanB. Sincesb; is a mixture ofsgz and bg, both decays

: sb,—bx?, sx? are important, and the-tagging efficiency is
diluted. Thus, the standard sbottom search bound would
weaken. In any case, if a light sbottom is found, one would
have to check against production cross section vs theory ex-
o S pectations from mass measurement, to determine whether it
\ YoM is the standard, or thesb,. In casey® is heavier tharsb,

0 05 I the LSP would likely be some sneutrino, and the deshy

o/n —bvw,svw via virtual x? (hypercharge couplindhas a simi-

FIG. 3. Amg_and sin @g_vs o for mg,m=0.8, 2 TeV, and lar signature. o
threem, values. The horizontal line is SM expectation. In conclusion, flavor violation in theg-bg squark sector
could be uniquely large if one has an underlyiAbelian
) ) ] flavor symmetrywhich are both inspired by the hierarchical
the full range betweent1, with a sin2r modulation over patterns of quark masses and mixings. With SUSY above

the basic simr dependence. Howevekmg_can also easily TeV scale, this could evade low-energy constraints, including
reach beyond 40 pg, whethersb, is heavy or light, and b—sy, but modify B mixing and generate sidg #0. It is
me_asurement woul.d then taI§e a while. This in itself wouldintriguing that the strange-beauty squaf could be driven
indicate new physics, but sinl; measurement becomes |ight by the large flavor violation itselBoth a lightsb; and
difficult. For confirming evidence, one would have to searchy |ight B-ino-like neutralinoy® can survive théo—sy con-

for C effects 'lnb—>3% such as indirec€ P in B4—KJy or  straint. This would not only further enricB, physics, but
“wrong” A polarization inAp—Ay. can also be directly probed vish;,—by?,sy%, which ex-

WhetherAmg_(and sin ) is measured soon or not, it il p~0 LXK
s tends the standard— by; search scenario.

is imperative to check whether there i;bi squark below a

couple hundred GeV. In the usual SUSY scenario, because of This work is supported in part by NSC-89-2112-M-002-
heaviness of the top quark, one could have a light stop b®63, NSC-89-2811-M-002-0086, and 0129, the MOE CosPA
RGE evolution from very high scale, or by having laf@a-  Project, and the BCP Topical Program of NCTS.
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